Dendritic cells (DCs) play an important role in controlling T cell-mediated adaptive immunity in atherogenesis. However, the role of the basic leucine zipper transcription factor, ATF-like 3 (Batf3)- 
Introduction
Atherosclerosis is a chronic, systemic inflammatory disease characterized by immune cells accumulation in the arterial wall and formation of atherosclerotic plaques (Chaudhari et al., 2015) . Among these cells, macrophages have been well-characterized for their ability to phagocytose oxidized low density lipoprotein (OxLDL) and become foamy cells (Moore and Tabas, 2011) . It has also been suggested that macrophages can secrete inflammatory cytokines and chemokines that are likely related to the promotion of lipoprotein retention and the accumulation of immune cells in the arterial wall (Moore and Tabas, 2011) . One in vitro study demonstrated that in response to OxLDL stimuli, macrophages up-regulated mRNA encoding CXC chemokine ligand (CXCL) 1, CXCL2, and chemokine (C-C motif) ligand 5 (CCL5 or Rantes) (Stewart et al., 2010) . The majority of these chemokines promote atherogenesis via the accumulation of inflammatory cells (Rolin and Maghazachi, 2014) . In particular, treatment with a CCL5 antagonist was found to inhibit the recruitment of T cells and macrophages into the plaque area, and alleviate atherosclerosis (Veillard et al., 2004) . However, which cells or molecules promote macrophages secreting CCL5 to enhance leukocyte infiltrating into atherosclerotic plaque in vivo, remains unknown.
A T cell-mediated adaptive immune response also plays an important role in atherosclerosis, as pro and anti-atherogenic CD4 + T cell subsets, as well as their signature cytokines have been defined (Lahoute et al., 2011; Smith et al., 2010; Subramanian et al., 2013) . In particular, evidence shows that CD4 + T helper 1 (Th1) cells and their key cytokine, interferon gamma (IFN-γ) are pro-atherosclerotic (Benagiano et al., 2003; Buono et al., 2005) . Apolipoprotein-E deficient mice (Apoe −/− ) that lack T-bet (a Th1 cell-differentiating transcription factor) or the IFN-γ receptor have demonstrated a reduction in atherosclerosis development (Buono et al., 2005; Gupta et al., 1997) . Moreover, mice that receive exogenous IFN-γ have a larger atherosclerotic lesion area than the control mice (Whitman et al., 2000) . However, during atherosclerotic progress, it is unclear how the Th1 cell response is generated, and whether IFN-γ regulates macrophage activation involved in atherosclerotic plaque formation.
DCs have long been recognized as the most potent antigen-presenting cells and are composed of distinct subsets, of which development is specifically regulated by distinct transcriptional factors. For example, interferon regulatory factor 4 (IRF4) and Notch2 are critical for CD11b play an important role in controlling the T cell-mediated adaptive immune response to regulate atherogenesis (Choi et al., 2011; Gautier et al., 2009; Koltsova et al., 2012; Subramanian et al., 2013; Weber et al., 2011) . Moreover, different DC subsets have distinct function in modulating different types of adaptive immunity (Choi et al., 2011; Sage et al., 2014; Weber et al., 2011) . For instance, a CCL17-expressing CD11b + DCs subset promotes atherosclerosis through the inhibition of regulatory T cell (Treg) expansion in lymphoid tissues (Weber et al., 2011) . In addition, in mouse models of genetic and high-fat/cholesterol diet-induced dyslipidemia, CD8α − DCs preferentially induced a Th2 response (Shamshiev et al., 2007) . Although the role of CD8α + DCs in atherosclerosis has been suggested, one study suggested the protective role of CD8α + DCs but another showed no functions of CD8α + DCs in atherosclerosis (Choi et al., 2011; Legein et al., 2015) . These contradicting results on their role in controlling T cell-mediated atherosclerosis were assiocated with experimental mice that had different gene difficiency. Thus, the function of CD8a + DCs in atherosclerosis remains to be elucidated. In the current study, to clarify the role of CD8a + DCs in atherosclerosis, a double knockout Batf3 −/− Apoe −/− mouse was generated and fed with a Western diet. Our findings indicate an important role of Batf3-dependent CD8α + DCs in controlling Th1 cell cytokine production, and IFN-γ-dependent chemokine CCL5 expression by macrophages during atherosclerotic progression. mice were genotyped by Shanghai Biowing Applied Biotechnology Ltd., using multiplex PCR with next generation sequencing . All identified SNP were compared with the Mouse Genome Informatics (MGI) database, and were found to be identical with genotype of C57BL/6. The detailed SNP test results were in Table S1 and Table S2 in the supplementary data. Female Batf3 −/− Apoe −/− mice or the Apoe −/− mice were kept on a chow diet (CD) or fed a Western diet (WD) (21% fat and 0.15% cholesterol) (Beijing keaoxieli company, China) for 12 weeks (wks). These mice were 6-8 wks in age, weighed 21-25 g, and were housed at a constant temperature (24°C) in a 12-hour (h) dark/12-h light-cycle room in the Taishan Medical University Animal Care Facility, according to institutional guidelines. All animal studies were approved by the Animal Care and Utilization Committee of Taishan Medical University.
Materials and Methods

Measurements of Atherosclerotic Lesions
For atherosclerotic lesion measurements, the Apoe −/− mice (n = 8) and the Batf3 −/− Apoe −/− mice (n = 8) were fed a Western diet for 12 wks, anesthetized using isoflurane, blood was drawn, and the mice were perfused with 2 mmol/L Ethylene Diamine Tetraacetic Acid (EDTA) (Sigma-Aldrich) in Phosphate Buffered Saline (PBS) via cardiac puncture to remove blood contamination from vascular tissue. The aortas were dissected, and the exposed aortas were stained for lipid depositions with Oil Red O (Sigma-Aldrich), and an en face assay was performed (Iqbal et al., 2012) . The heart was embedded in OCT compound, and the aortic roots were sectioned into 5 μm slices, generating 30-40 sections that spanned the entirety of the aortic root, and then stained with Oil Red O (Sigma-Aldrich), hematoxylin and eosin (H&E) or masson-trichrome (Solarbio, Beijing, China). For comparisons of lesion size between the groups, the mean lesion area was quantified from 10 digitally captured sections per mice (Cipriani et al., 2013) . For immunohistochemistry detection, cryosections of the aortic root were stained for the presence of leukocytes (CD45), macrophages (Mac3), DCs (CD11c) and T cells (CD3) using specific antibodies to Mac-3 (M3/84; BD Biosciences Cat# 550292, RRID:AB_393587), as well as eBioscience antibodies to CD45.2 (104; eBioscience Cat# 13-0454-85, RRID:AB_466457), CD11c (N418; eBioscience Cat# 13-0114-82, RRID:AB_466363), and CD3 (145-2C11; eBioscience Cat# 13-0031-85, RRID:AB_466320) using standard immunohistochemistry techniques (Subramanian et al., 2013) . Images were viewed and captured with a Nikon Labophot 2 microscope equipped with a Spot RT3 colour video camera attached to a computerized imaging system (Nikon corporation, Tokyo, Japan). Quantitative analysis of plaque area was performed by 2 blinded observers using Image-Pro Plus software 6.0 (Media Cybernetics, MD, USA, RRID:SCR_007369 . For intracellular cytokine staining, splenocytes were prepared as previously described, and were then stimulated with an RPMI-1640 medium containing 10% fetal calf serum (FCS), 20 ng/mL phorbol 12-myristate 13-acetate (PMA) (Sigma-Aldrich), 1 μg/mL ionomycin (Sigma-Aldrich), and 5 μg/mL brefeldin A (selleckchem) for 4 h at 37°C and 5% CO 2 . The cells were washed with washing buffer and then stained with an Anti-Mouse CD4-FITC antibody (GK1.5; eBioscience Cat# 11-0042-86, RRID:AB_46489) or an Anti-Mouse CD8-BV650 antibody (53-6.7; eBioscience Cat# 95-0081-41, RRID:AB_1603267). Then the cells were fixed and permeabilized with a Fixation/Permeabilization Solution (BD Biosciences), and stained intracellularly with Anti-Mouse/Rat IL-17A PerCP-Cyanine5.5 (eBio17B7; eBioscience Cat# 45-7177-80, RRID:AB_ 925754) and Anti-Mouse IFN-γ APC (XMG1.2; eBioscience Cat# 17-7311-82, RRID:AB_469504) antibodies. Intracellular staining for Foxp3 (FJK-16S; eBioscience Cat# 12-5773-82, RRID:AB_465936) was performed using the Transcription factor staining buffer kit (eBioscience). Flow cytometry analysis was performed using a FACS ARIA II (BD Biosciences) equipped with a 405 nm, 488 nm and a 633 nm laser, and the results were analyzed by FlowJo 7.6 software (Tree Star, OR, USA, RRID:SCR_008520). [323] [324] [325] [326] [327] [328] [329] [330] [331] [332] [333] [334] [335] [336] [337] [338] [339] in RPMI-1640 medium (supplemented with 2 mM L-glutamine, 10% FCS, 100 U/mL penicillin/streptomycin) at 37°C and 5% CO 2 for four days. The flow cytometric analysis was carried out to quantify T cell proliferation and differentiation by eFluor 450 dye-dilution and intracellular cytokine staining, respectively.
Antigen-specific T Cell Proliferation and Polarization
Quantitative Real-time PCR
Mouse aortic tissues were snap-frozen in liquid nitrogen for RNA extraction with Trizol reagent (Takara). RNA of the FACS-based purified aortic CD45 + leukocytes or CD45 − non-leukocytes and splenic macrophages, CD8α + DCs or CD8α − DCs were extracted using an RNAprep Pure Micro Kit (Tiangen Biotech company, Beijing, China). RNA that was extracted from the aorta and cells were subjected to reverse transcription using FastQuant RT Kit (with gDNase) (Tiangen company, Beijing, China). The samples subsequently underwent quantitative realtime polymerase chain reaction (qPCR) using SYBR Green (Qiagen, Germany) with the use of Qiagen real-time PCR system (Qiagen, Rotor-Gene Q, Germany). Gene-specific intron-spanning primers were designed with Primer-BLAST (NCBI). For validation of primer specificity, nucleotide blast specificity analysis was performed. Primer sequences were listed in (Table S3 ). Relative gene expression was normalized to Glyceraldehyde 3-phosphate dehydrogenase (Gapdh) as an internal control, and was performed using the ΔΔCt method, as previously described (Schmittgen and Livak, 2008 ).
Enzyme-linked Immunosorbent Assay (ELISA)
Aortic tissue ELISA were performed as we previously described . Briefly, after cardiac perfusion, the mouse aorta tissues was removed and weighed. Following homogenization with homogenizor (OPTIMA INC, Japan) and lysation by 500 μL of Radio-Immunoprecipitation Assay (RIPA) Buffer (Cell Signaling Technology, Inc) per aorta, proteins from aorta were extracted after centrifugation, and then quantified by bicinchoninic acid (BCA) protein quantization kits (Solarbio, Beijing, China). The concentration of IL-12 P70, IFN-γ and CCL5 in the aorta or the IFN-γ in the plasma was detected using commercial ELISA kits (all the kits were purchased from eBioscience) according to the manufacturers' instructions. Results were shown as concentration of cytokines or chemokine per gram of aortic total protein. IL-12 p70 protein levels were quantified in the cell culture supernatants using a murine IL-12p70 ELISA kit (eBioscience) according to the manufacturer's instructions. All ELISA detection was performed using a plate reader (Tecan, Infinite M200 Pro, Switzerland).
Primary Splenic Macrophages Sorting and Treatment
The spleen cells from C57BL/6 J mice were prepared, then the primary macrophages were sorted as described in supplementary data, then cultured with 100 ng/mL IFN-γ (Peprotech, NJ, USA) in RPMI1640 10% culture medium for 6 h in a 37°C humidified incubator containing 5% CO 2 .
Statistical Analysis
Unpaired Student t-tests were used to analyze the data, and if there were more than two groups, the data were analyzed by a one-way ANOVA. Differences of P b 0.05 were considered to be statistically significant. Data was processed using GraphPad Prism 6.0 software (La Jolla, CA, USA, RRID:SCR_002798). DCs in the spleen (P b 0.001) (Fig. 1a) , and the CD103 + DCs in the aorta (P b 0.001) (Fig. 1a) . Since Non-lymphoid tissue-derived CD103 + dendritic cells (DCs) form a unified subset developmentally related to CD8α + conventional dendritic cells (cDCs) that resided in lymphoid tissues (Edelson et al., 2010) , and both of their development are dependent on transcription factor Batf3. These data demonstrate that in Batf3 −/− Apoe −/− mice, both CD8α + DCs and CD103 + DCs are effectively depleted, even under WD conditions. To investigate the impact of CD8α + DCs depletion on atherosclerotic plaque formation, we analyzed atherosclerosis lesions after 12 wks of being fed a WD. We observed that the atherosclerosis lesion area in the aortic root was significantly alleviated (Fig. 1b) . To further confirm this, an en face staining analysis was also performed. As shown in Fig.  1c , we found that the oil red area of the aorta of Batf3 −/− Apoe −/− mice was significantly reduced (Fig. 1c) . We also analyzed plaque collagen content by masson-trichrome staining, and observed the collagen content in Batf3 −/− Apoe −/− mice to be significantly increased (Fig. S1 ), which was indicated a more stable plaque. These data effectively demonstrate that depleting CD8α + DCs in the spleen or CD103 + DCs in the aorta result in alleviation of atherosclerosis.
Results
Ablation of
It is well known that atherosclerosis is closely associated with plasma lipids, blood glucose, and body weight (Iqbal et al., 2012) . Moreover, the potential ability of DCs to regulate plasma lipids has also recently been recognized (Rolin and Maghazachi, 2014) . To examine whether the plasma lipids, blood glucose, and body weight were altered in WD-treated Batf3 −/− Apoe −/− mice, these mice were fed a WD for 12 wks. Compared with the Apoe −/− mice, no changes in plasma total cholesterol (TC), triglycerides (TG), high-density lipoprotein (HDL), and low-density lipoprotein (LDL) from Batf3 −/− Apoe −/− mice were detected (Fig. S2a) . The liver function of Batf3 −/− Apoe −/− mice also remained unchanged, as the level of alanine aminotransferase (ALT) in the plasma was comparable with that of control mice (Fig. S2b ). Plasma glucose (Fig. S2c ) and body weight did not have any significant differences between the two groups ( Fig. S2c, d ). These findings indicate that the plasma lipid levels and blood glucose were not the cause of alleviating atherosclerosis due to depletion of CD8α + DCs.
Ablation of CD8α + DCs Decreased Th1 Cells but not Th17 Cells and Treg Cells Populations in the Spleen
Given that various T cell subsets (e.g., Th1 cells, Th17 cells, and Treg cells) play essential roles in the regulation of atherogenesis (Benagiano et al., 2003; Smith et al., 2010; Subramanian et al., 2013) , and distinct DC subsets are critical for the induction of different types of CD4 + T helper responses, we next sought to examine whether the type of T cell response in the spleens of Batf3 −/− Apoe −/− mice was altered. The flow cytometry analysis revealed that there was a significant decrease in the proportion of CD4 + IFN-γ + Th1 cells in the spleens of Batf3 (Fig. 2a) . However, there were no changes in the total splenic cell numbers (data not shown) under WD conditions, and no significant difference was found in the number of Th17 cells and Treg cells (Fig. 2b) (Fig. S3) . Therefore, we concluded that CD8α + DCs selectively induce a CD4 + Th1 cell response and also induce IFN-γ secretion by CD8 + T cells. However, they do not modulate the Th17 cells and Treg cells during atherosclerosis development. Furthermore, the plasma IFN-γ was detected using ELISA. Our data showed (Fig. 3a) . In inducing Th1 cell differentiation, we found that at the basic level, CD8a − DCs are more potent than treated mice could promote Th1 cell differentiation (Fig. 3b, c) . That is to say, increased Th1 cells under WD condition were not associated with CD8a − DCs. These data were also consistent with reports that highfat/cholesterol diet-induced dyslipidemia, where CD8α − DCs preferentially induce a Th2 response (Shamshiev et al., 2007) . Together, these data demonstrate that CD8α + DCs from Apoe −/− mice fed a WD preferentially induced Th1 cell differentiation in vitro, which was consistent with the data shown in Fig. 2 .
CD8α + DCs From the Spleen of Mice Fed a Western Diet Expressed Higher Levels of CD86 and IL-12
To gain insight into the potential mechanisms by which CD8α + DCs from Apoe −/− mice fed a WD, preferentially induced Th1 cell differentiation in vivo, we first performed qPCR analysis using splenic DCs isolated from Apoe −/− mice. By analyzing certain critical surface molecules linked to inducing T cell proliferation and Th1 cell differentiation, we found that DCs from the CD8+/WD group expressed higher levels of Cd86 than the CD8 +/CD group (Fig. 4a) . This was further confirmed by flow cytometry (Fig. 4b) . In CD8α − DCs, although CD8 −/WD group expressed higher levels of Cd86 than the CD8 −/CD group by flow cytometry (Fig. S5b) , however Cd70 expression decreased (Fig.  S5a) . Perhaps, together with other undetected molecule, CD8 −/WD didn't induce increased CD4 + T cells proliferation. These data indicate that CD86 is associated with CD8α + DCs induced increased CD4 + T cells proliferation under the conditions of a WD. Since IL-12p70 is a key cytokine secreted by DCs to polarize Th1 cell differentiation (Vignali and Kuchroo, 2012) , we measured IL-12p70 expression in CD8α + DCs. As expected, CD8α + DCs from WD-treated mice produce higher levels of Il12a (a subunit of IL-12p70) as analyzed by qPCR (Fig.  4a ) and confirmed by ELISA (Fig. 4c) . These results indicate that splenic CD8α + DCs from the CD8+/WD group produced higher levels of IL-12 than the CD8+/CD to trigger Th1 cell polarization. Although some reports have shown that CD36 was related to uptake of lipids by DCs and contribution to atherosclerosis (Stewart et al., 2010) , and CD70 was related to Th1 cell differentiation (Soares et al., 2007) . However, no alteration of these two molecules was noted (Fig. 4a) . Interestingly, in CD8α − DCs, there was no difference between CD8 −/CD and CD8 −/WD in Il12 and Cd36 expression (Fig. 5Sa, b) . Together, these data suggest that splenic CD8α + DCs from mice fed a WD, induce Th1 cell differentiation dependent on IL-12, but independent of CD70 or CD36. These data were consistent with reports that CD8α + DCs are source of IL-12 to mount protective Th1 type immunity against the parasitic infection (Ashok et al., 2014; Mashayekhi et al., 2011) .
Ablation of CD8α + DCs Led to a Decrease in IFN-γ and CCL5 Expression in the Aorta
To further investigate the impact of CD8α + DC ablation on the local aortic Th1 cells-related immune response, we further analyzed the aortic cytokines and transcription factors associated with differential T cell subsets, and found a significant decrease in the aortic Ifng mRNA expression (Fig. 5a) . These results were then further confirmed by ELISA (Fig.  5b) . Consistent with these results, T-bet (gene name Tbx21), the key transcription factor required for Th1 cell differentiation was significantly decreased, however the transcription factor, Foxp3 required for Treg cells was unaltered (Fig. 5b) . These data indicated that the aortic local T cell polarization was similar to the spleen. Furthermore, IL-12, a cytokine preferentially produced by CD8α + DCs (Huang et al., 2001 ) and essential for DC-mediated Th1 cell differentiation, was significantly decreased (Fig. 5c, d ). Although Il6 was decreased, no alterations in the levels of Transforming growth factor beta 1 (Tgfb1) and Il10 (Fig.  5c) were observed. This indicates that the local Treg cells and Th17 cells were not likely involved in the local inflammation of CD8α + DCdepleted Apoe −/− mice. Interestingly, the reduction in the proinflammatory cytokines, tumor necrosis factor (TNF)-α (gene name Tnf), Il6, and Il12 denote the reduced aortic inflammation with the ablation of CD8α + DCs. These data further demonstrated that the depletion of CD8α + DCs led to a decreased Th1 cell response and inflammation in the aorta. IFN-γ signaling has many downstream target genes potentially relevant to atherosclerosis, particularly those encoding various chemokines (Millward et al., 2007; Wuttge et al., 2004) . Several reports suggest that during inflammatory conditions, IFN-γ can induce chemokine production (Kawka et al., 2014; Millward et al., 2007; Schroder et al., 2004) . Therefore, we hypothesized that decreased IFN-γ production due to CD8α + DC ablation could affect the expression of IFN-γ-dependent chemokines in atherosclerosis. Although we did not observe down-regulation in Ccl2, Ccl17, vascuolar cell adhesion molecule-1 (Vcam1), Cx3cl1, Cxcl1, Cxcl4, Cxcl10, Cxcl11, Cxcl12, and Cxcl16 (Combadiere et al., 2008; Heller et al., 2006; Weber et al., 2011; Wuttge et al., 2004) ( Fig. S6a) , we found a significant decrease in Ccl5 mRNA levels in the aorta. Further detection of the CCL5 levels by ELISA confirmed this result (Fig. 5e ). CCL5 is known to bind to several receptors (e.g., CCR1, CCR3, and CCR5) (Suffee et al., 2012) , however, no alterations in these receptors were detected (Fig. S6b) . Taken together, these data indicate that ablation of CD8α + DCs resulted in a reduced Th1 cell response, attenuated CCL5 expression, and alleviated inflammation in the aorta.
IFN-γ Promoted CCL5 Expression in Macrophages, Which May Enhance Infiltrating Leukocytes into Atherosclerotic Plaques
CCL5 has been previously shown to promote the recruitment of leukocytes into atherosclerotic aortas (Braunersreuther et al., 2008) , and the enhanced infiltration of these cells into the lesions and arterial wall is associated with an acceleration of the disease. However, there are potentially no direct correlations between CD8α + DCs and CCL5 in the progression of atherosclerosis according to published studies. We hypothesized that CD8α + DCs potentially promote CCL5 expression in the atherosclerotic aorta via polarization of IFN-γ producing Th1 cells, since the potential role of IFN-γ in modulating CCL5 expression is well-established (Liu et al., 2005) .
To address this, we next sought to examine the source of CCL5 in the aortic atherosclerotic lesion area. We found that Ccl5 was primarily expressed in aortic CD45 + leukocytes by both qPCR analysis ( Fig. 6a and S7) and immunofluorescent staining (Fig. 6b) . Furthermore, using an immunofluorescence staining assay, we found that most of the CCL5 positive signals were colocalized with MAC3 (a macrophages marker) (Braunersreuther et al., 2008; Wang et al., 2014) . This suggests that aortic macrophages were the major CCL5-expressing leukocytes in atherosclerotic plaques (Fig. 6c) . This result was consistent with a previous study (Tabas and Bornfeldt, 2016; Veillard et al., 2004) . Importantly, the ratio of CCL5 + MAC3 + double positive cells was markedly decreased in the aortic plaque of Batf3 −/− Apoe −/− mice (Fig. 6c) . These data strongly indicate that aortic macrophages were the major source of CCL5 in atherosclerotic aortas, and that their CCL5 expression was modulated by CD8α + DCs.
Next, we sought to determine whether IFN-γ could promote CCL5 expression on macrophages in an atherosclerosis-related setting. Since there were limited aortic macrophages for further study, we sorted the primary splenic macrophages as previously described (Xu et al., 2016) . Interestingly, we found that IFN-γ promoted CCL5 expression on primary macrophages (Fig. 6d) , which is consistent with the link between CCL5 and IFN-γ in vivo (Figs. 5, 6c) .
CCL5 is closely related to leukocyte chemotaxis, and it has been reported that CCL5 antagonist treatment could inhibit the recruitment of T cells and macrophages into the plaque area, and thus alleviate atherosclerosis (Braunersreuther et al., 2008) . We speculated that the reduced CCL5 expression in atherosclerotic plaques of CD8α + DCs-depleted mice could result in the decreased infiltration of these cells into the plaque. Indeed, the infiltrating cells in the atherosclerotic plaque of Batf3 −/− Apoe −/− mice were significantly decreased as analyzed by H&E staining (Fig. 6e) . Moreover, further immunohistochemistry staining revealed that leukocytes (e.g., macrophages, DCs, and T lymphocytes) were significantly decreased in the aortic plaque (Fig. 6f) , while no changes were observed in the smooth muscle cells (data not shown).
Collectively, our data demonstrate an important role of Batf3-dependent CD8α + DCs in controlling IFN-γ production and IFN-γ-dependent CCL5 expression by macrophages during atherosclerotic progression. The absence of CD8α + DC-dependent enhancement of CCL5 expression likely explains the decreased aortic accumulation of inflammatory leukocytes, including macrophages, T cells, and DCs.
Discussion
The role of DCs in modulating immune responses involving atherogenesis has been suggested previously (Choi et al., 2011; Gautier et al., 2009 (Leventhal et al., 2016) , confirmed by our results, it is highly likely that another DC subset (e.g., CD11b + DCs) might be involved in the homeostatic maintenance of Treg cells (Weber et al., 2011) , instead of CD8α + DCs. However, further investigation is required. Another recent study used Batf3 −/− chimeras, in which lethally irradiated Ldlr −/− mice were reconstituted with bone marrow from Batf3 −/− mice. This study showed that loss of CD8α + DCs in hyperlipidemic mice profoundly reduced cross-priming ability, nevertheless it did not influence lesion development (Legein et al., 2015) . Different from the previous study, we used another strategy to prepare (Benagiano et al., 2003; Buono et al., 2005; Laurat et al., 2001; Thacker et al., 2012; Whitman et al., 2000) . However, during atherogenesis, how the Th1 cell response is generated, and which DC subset is required for its generation remains unclear. To address this question, we generated Batf3 −/− Apoe −/− double knockout mice, and found a significant decrease in Th1 cells but not Th17 cells or Treg cells in the spleen (Fig. 2 ) in mice selectively depleted of CD8α + DCs. As a Batf3 intrinsic deficiency in T cells shown to cause no apparent defect in the development of any known helper T cell subset (Hildner et al., 2008; Murphy et al., 2013 ), our results demonstrate that CD8α + DCs are required for the induction of a Th1 cell response under WD conditions. Furthermore, by using a co-culture system, we revealed that splenic CD8α + DCs from WD fed mice induced an increased Th1 cell response (Fig. 3b, c) . These data were consistent with reports that CD8α + DCs excel in eliciting a Th1 cell response in various settings (Pulendran et al., 1999) . Next, we elucidated the mechanism by which CD8α + DCs induce a Th1 cell response. We found that splenic CD8α + DCs from WDexposed mice produced enhanced levels of IL-12, a key Th1 cell polarization cytokine, as analyzed by both qPCR (Fig. 4a) and ELISA (Fig. 4c) .
As expected, the expression of IL-12p35 was significantly decreased in the aorta of Batf3 −/− Apoe −/− mice (Fig. 5c ). These data indicate that IL-12 produced by CD8α + DCs is critical for Th1 cell induction under WD conditions, which were consistent with the reports which suggested Batf3-dependent DCs represent an obligate source of IL-12 to mount protective type I-immunity against the parasitic infections Toxoplasma gondii (Mashayekhi et al., 2011) and Leishmania major (Ashok et al., 2014) , but suppress helminth-driven type II immunity (Everts et al., 2016) . The mechanism by which a Th1 cell response promotes atherosclerosis remains largely unclear. IFN-γ signaling has many downstream target genes which are potentially relevant to atherosclerosis, particularly those encoding various chemokines (Millward et al., 2007; Wuttge et al., 2004) . Thus, we proposed that decreased IFN-γ production caused by CD8α + DCs ablation could affect the expression of IFN-γ-dependent chemokines in atherosclerosis. As expected, we found the expression of CCL5 (a well known proatherogenic chemokine which promotes plaque formation via recruiting leukocytes to the atherosclerotic aorta) (Braunersreuther et al., 2008; Veillard et al., 2004) was significantly decreased, while no alterations in most of the other chemokines were observed (Fig. S6a) , This result suggests that CCL5 expression in the aorta was controlled by Batf3-dependent DCs, which preferentially induced a Th1 cell response.
Although it has been suggested that aortic macrophages were the major CCL5-producing cells in atherosclerotic plaques (Veillard et al., 2004) and was confirmed by our results, it remains unknown how CCL5 expression in macrophages is regulated in atherosclerosis. Interestingly, we found that these CCL5-producing macrophages were significantly reduced in the plaque area of Batf3 −/− Apoe −/− mice (Fig. 6c ).
This finding indicates that CD8α + DCs play a key role in controlling the expression of CCL5 in atherosclerotic plaque macrophages. We also sought to determine whether IFN-γ promotes CCL5 expression in macrophages in an atherosclerosis-related setting. Interestingly, we found that IFN-γ promoted Ccl5 expression in the splenic macrophages (Fig. 6d) , indicating a direct regulation of CCL5 by IFN-γ. Our data about regulation of CCL5 by IFN-γ was in aggreement with previous documents. For example, intrathecal injection of a replication-defective adenovirus encoding murine IFN (AdIFN) to IFN-γ-deficient mice, induced CCL5 expression in the central nervous system (CNS) in experimental autoimmune encephalomyelitis model (Millward et al., 2007) . Furthermore, mice treated with anti-IFN-γ antibody intravaginally for four consecutive days showed decreased CCL5 mRNA expression in vaginal tissues in a lethal herpes simplex virus 2 (HSV-2) infection mice model. Moreover, they also indicated that CCL5 expression was detected in mainly macrophages (Iijima and Iwasaki, 2014) 
